Purpose-We evaluated the association between childhood socioeconomic status (SES) at two time points and age at menarche in a multiracial sample of U.S. girls.
Introduction
Earlier age at menarche is associated with an increased risk of breast cancer (1, 2) . Age at menarche is influenced by higher subcutaneous fat levels and pre-pubertal body size (3) (4) (5) . Additionally, psychosocial stress during early childhood could disrupt the hypothalamic-pituitary-adrenal (HPA) axis leading to earlier onset of menarche (6) (7) (8) (9) (10) . These factors could be influenced by social conditions; in that, lower socioeconomic status (SES) is associated with increased body size (11, 12) and psychosocial stress (13) (14) (15) (16) . Thus, SES could operate through factors such as, body size (3) (4) (5) and psychosocial stress (6) (7) (8) (9) (10) to alter age at menarche.
Few studies have examined the association between SES and age at menarche in a multiracial population living in the U.S. Results from one U.S. study found that girls from higher SES reached menarche later (17) , while a second study found no association between childhood deprivation and age at menarche (18) . However, no study to our knowledge has examined a multi-dimensional measure of SES (including income, education, and occupation). Moreover, it is unclear whether change in SES over time is also associated with age at menarche.
In this study, we examined the association between childhood SES across two pre-pubertal time points and age at menarche. We used a multi-dimensional measure of SES consisting of the three major components of SES: income, education, and occupation. We hypothesized that lower SES at birth, at age 7, and a decrease in SES between these two time periods would be associated with earlier age at menarche, independent of race/ethnicity, childhood body size, maternal factors, and living arrangements.
Methods

Study Population
Original Cohort-Study participants were adult women who participated as children in the New York site of the Collaborative Perinatal Project (CPP). Participants' mothers were recruited during pregnancy, and followed through pregnancy, labor and delivery. Children were followed from birth through age 7. Between 1959 and 1963, there were 2,138 births (1,026 females) in the New York City site of CPP, 841 of these female offspring were followed until age 7 years. Information regarding the recruitment of study participants into this project have been described elsewhere (19) (20) (21) (22) .
Baseline for Adult Follow-up-From 2001-2006, the adult participants who were followed until age 7 were re-contacted to participate in an adult follow-up study. Upon confirming a participant's identity (20) , we asked women if they would like to participate in the adult follow-up. After women consented to participate in the adult follow-up to the CPP, we mailed women a questionnaire. Of these, 11 women did not have data on age at menarche and an additional 14 women did not have data on childhood SES, resulting in a total of 237 women included in our final analysis. Of the 841 eligible participants, 375 (45%) were successfully traced. Of this traced population, 262 women (70%) completed a survey used in this study. Of these, 11 women did not have data on age at menarche and 14 women did not have data on childhood SES, resulting in a total of n=237 women included in our final analysis.
Data collection
Variables collected in original CPP-Information on maternal, paternal, and child health was collected. Data included mother's reproductive history, including maternal age at menarche, as well as sociodemographic characteristics, such as father's absence from the home at birth. Children's height and weight were measured prospectively at birth and until age 7. These anthropometric measurements were taken by trained interviewers at clinic visits. Details of this data collection have been described elsewhere (22) .
Childhood SES-Detailed information on SES was collected prospectively during the original CPP. SES information was collected at the time of registration and at age 7. An index for SES was constructed using the 1960 census data (23) . This index took into account three components of SES: education, income, and occupation. All index scores used in this analysis were based on family income, father's education and occupation. The index ranged from 0 to 100, with higher SES scores reflecting higher levels of SES. For example, someone who earned between $500 and $999 per year could have a score of 3 on the income component of the index; a high school graduate could have a score of 69 on the education component of the index, whereas a dentist could have a score of 99 on the occupation component of the index. The three scores making up the individual components of SES were combined to create one summary score for overall SES for each time period. In our analysis, we also examined the association between each of the individual components of SES and early age at menarche. We evaluated the change in SES, defined as the difference between SES at birth and age 7.
Adult Questionnaire-The adult questionnaire collected data on the women's personal health, sociodemographic characteristics, and health behavior information. We asked women to report their race/ethnicity, which was correlated with race/ethnicity data in childhood records. Given that the association between SES and age at menarche were similar for adult and childhood measures of race/ethnicity, we used adult self-reported race/ ethnicity for this analysis. We also asked place of birth of the participants' parents.
Age at menarche-Participants were asked during this adult follow-up to report their age at menarche. Specifically, the question was "How old were you when you had your first menstrual period?" Values for age at menarche were recorded in years.
Statistical analysis
We used analysis of variance (ANOVA) to evaluate the crude association between SES variables, race/ethnicity, mother's place of birth, father's absence from the home at birth and age at menarche. We used linear regression models to evaluate the independent association between SES and age at menarche. We constructed four main models separately for each time period of SES as well as change in SES: 1) a crude model, 2) a race/ethnicity-adjusted model, 3) a model adjusted for BMI at age 7, and 4) a model adjusted for race/ethnicity, BMI at age 7, mother's age at menarche, mother's place of birth, and father's absence from the home at birth. Each model contained only one of the following SES constructs: SES at birth, age 7, or change in SES. Race/ethnicity, mother's place of birth, mother's age at menarche, and father's absence from the home were considered potential confounders based on a 10% change in the beta coefficient for childhood SES. We also included BMI at age 7 as a covariate in our models, given that it is a strong predictor of age at menarche (3, 24, 25) . Finally, we tested for interactions between the SES constructs and race/ethnicity by including interaction terms of these two variables in our models. Effect modification was indicated if the interaction term had a p-value <0.05. All analyses were conducted in SAS v. 9.1 (Cary, NC).
Results
The mean SES score was 55 (median SES score at birth was 54) (SD: 17.3) and range of 15 to 93 (Table 1 ). The median score for SES at age 7 was 56 (SD: 20.3) and range of 7 to 97. SES score for both birth and age 7 were more highly correlated with education than income at each of these time points. The correlation coefficients were moderate to high for childhood SES and income, as well as childhood SES and education for both time periods (r ranging from 0.52 to 0.77), but was lower for occupation. Based on 1960 U.S. census data, a median score of 56 at age 7 was typical of a father that was a machine operator, sales worker, or service man. The education status for someone with the median SES score was somewhere between 8 th grade and 12 th grade. The annual income level for the majority of our study population with the median SES was $6,000-$8,000.
Change in SES ranged from −55 to 53, with a median of 0. The majority (57%) of the study population experienced slight changes of no more than 10 points in their SES index between birth and age 7. However, 22% of the population experienced an increase of greater than 10 points on the SES index. Approximately, 21% of the study population had a decline of more than 10 points on the SES index, with 5% of these experiencing a decrease of almost 30 points on the index.
Age at menarche ranged from 8 to 19 years of age, with a median of 12 years. 50% of girls reached menarche between the ages of 12 and 13 years, with 27% reporting age at menarche <12 years and 24% reporting menarche >=14 years. The median BMI at age 7 for this study population was 15.4.
The study population consisted of African-American (35.9%), White (27.8%), and Hispanic girls (36.3%). A substantial proportion of the mothers were born outside of the United States (38.4%). Almost ten percent of participants' mothers reported that the biological fathers did not live with them at the time of participant's birth.
In table 2, we present the association between childhood SES and age at menarche. After adjusting for race/ethnicity, BMI at age 7, mother's age at menarche, mother's place of birth, and father's absence at birth, we did not find SES at birth to be significantly associated with age at menarche (Table 2a) . However, we did find that for each one point increase in childhood SES at age 7 there was a statistically significant delay in age at menarche (adjusted beta: 0.015 (0.003, 0.024)) (Table 2b ).
BMI at age 7 was not associated with SES but it was positively associated with age at menarche, and was retained in the final model to determine the independent association between childhood SES and age at menarche. Race/ethnicity did not modify the association between SES and age at menarche.
In Table 3 , we present the association between change in SES from birth to age 7 and age at menarche. The change in SES from birth to age 7 was also associated with age at menarche (adjusted beta=0.018 unit change in SES, 95% CI: 0.005, 0.030). This finding suggest that a girl whose SES score decreased by 20 points between birth and age 7 (10% of the population), would experience a 4 month decline in age at menarche. A girl with the greatest decline in our study population-a 55 point decrease on the SES scale-would reach menarche almost a full year earlier.
Discussion
In this study population, lower childhood SES and decreasing SES between birth and age 7 were associated with earlier age at menarche after controlling for race/ethnicity, BMI at age 7 years, mother's age at menarche, mother's place of birth, and father's absence from the home at birth. Our findings are consistent with results from another U.S. study, in which girls of lower SES were found to have greater odds of reaching menarche by age 12 years than reaching menarche at a later age (17) . The use of household income and parental education as proxies for SES was consistent with our measures of SES at birth and age 7 years. However, this study, in contrast to ours, did not consider occupation as an additional dimension of SES. Furthermore, this study did not examine change in SES across two time points during the pre-pubertal period on age at menarche. Our study also adds to the literature by examining this research question in a racially diverse population that includes Hispanic girls.
While the results of the current study are similar to Braithwaite et al, Wise et al., did not find an association between childhood economic deprivation and age at menarche. However, the measure of deprivation differed from the multi-dimensional assessment of SES collected prospectively in our study population. Instead, women were asked to recall certain details of their childhood economic situation, including receipt of welfare. Recall of childhood socioeconomic conditions is subject to misclassification and bias. For example, participants may not have known whether their parents had difficulty paying the rent or if they received welfare. In our study, SES was collected prospectively and obtained directly from the parents of the study participants.
Studies conducted in developing and economic transition countries have found girls from lower SES to reach menarche at a later age as compared with girls from higher SES (26, 27) , a finding that is in contrast to our and Braithwaite et al's study results. However, these different associations may reflect the differences in the underlying associations between SES and body size and related risk factors (e.g., nutrition, physical activity) in developing and developed countries. Specifically, while lower socioeconomic status and increased body size are inversely associated in the United States and most western countries, they are positively associated in developing countries (28) (29) (30) . The different association between SES and body size seen in developing countries may predict different associations between SES and age at menarche.
In the current study, BMI at age 7 was not associated with SES. This finding suggests that SES may operate through a different mechanism than increased pre-pubertal BMI in this urban population of U.S. girls. Future research should consider other pathways. An alternative pathway in which SES could operate to alter age at menarche is through the exposure to increased stress associated with lower SES (13) (14) (15) (16) . A stress hypothesis was proposed by Belsky et al, which suggested that factors, such as father's absence from the home could result in lower SES, increased stress and more rapid maturation (6) . In our study, father's absence from the home was significantly associated with lower SES, but it was not associated with earlier age at menarche in the final models. However, other unidentified factors, which could also be related to psychosocial stress, may affect the association between SES and age at menarche. This study has several strengths. First, our measure of childhood SES included three major dimensions of SES collected prospectively. Second, we evaluated childhood SES at two time points, birth and age 7, as well as change in SES during childhood. Third, our study population consisted of a racially and ethnically diverse population of girls born in an urban setting in the U.S., including Hispanic girls. Given that race/ethnicity has been shown to be a strong predictor of age at menarche (31, 32) and that race/ethnicity and SES are closely associated with one another (31) (32) (33) , studies that have variations in both SES and race/ ethnicity, are needed. Fourth, we were able to consider the independent role of SES on age at menarche, after adjusting for a number of important factors related to age at menarche including childhood body size.
Limitations of this study include our retrospective assessment of age at menarche. However, several studies suggest that retrospective collection of menarche is both reliable and valid, even up to 40 years later (r=0.60-0.79) (34) (35) (36) (37) (38) (39) (40) . Furthermore, it is less likely that study participants would report their age at menarche differentially based on their SES status at birth or age 7. Thus, any misclassification would be expected to dilute the true association between childhood SES and age at menarche. Also, more study participants of higher SES than lower SES were traced and participated in the adult follow-up study, which may have affected our study estimates if tracing and participation also differed by age at menarche. We believe this is unlikely as most early life factors did not predict tracing and participation (20) . Although we did not have a measure of SES that was closer to the actual onset of puberty for the girls in this study population, we did measure SES at age 7, which closely preceded the early stages of pubertal development and the onset of menarche. Finally, we may not have had the power to evaluate effect modification by race/ethnicity in the current study population.
In conclusion, in this diverse urban birth cohort, girls of lower SES or reduced SES experienced earlier menarche. Although we were able to consider and adjust for a variety of factors, the relations linking these variables are likely complex. Nevertheless, if replicated, our findings suggest that childhood SES may play an important role in the timing of menarche, with potential to impact future breast cancer risk. d Adjusted for race/ethnicity, BMI at age 7, mother's age at menarche, mother's place of birth, and father's absence from the home at birth
